Aims-To assess the eYcacy of extracapsular cataract surgery using the anterior chamber maintainer (ACM) without the use of viscoelastic. To compare the eVects of this surgical technique on non-diabetic and diabetic patients. Methods-A prospective single armed clinical trial of 46 eyes in 46 patients undergoing cataract surgery using the ACM without viscoelastic. Patients were assessed preoperatively and at 3 weeks, 3 months, and 12 months postoperatively. The main outcome variables included visual acuity, surgically induced astigmatic change (SIAC), changes in endothelial cell density (ECD), and morphology aVecting the central and superior regions of the cornea. Results-Postoperatively, 56% and 70% of patients had unaided visual acuities of 6/12 or better at 3 weeks and 3 months respectively. Even after excluding those patients with pre-existing maculopathy (including diabetic maculopathy), there remains a significant diVerence between the nondiabetic and diabetic groups in terms of the proportion of patients attaining an unaided visual acuity of 6/12 or better at both 3 weeks (p=0.003) and 3 months (p=0.001). Three months postoperatively, the SIAC based upon the keratometric and refractive data was 1.1 dioptres (D) and 1.3 D respectively. There was no statistically significant diVerence in the SIAC when the non-diabetic and diabetic groups were compared. The mean central and superior endothelial cell losses at 3 months postoperatively were 16% and 22% respectively and at 12 months postoperatively were 20% and 25% respectively. The diabetic group demonstrated greater endothelial cell losses and a more marked and protracted deviation of endothelial cell morphology from normality when compared with the non-diabetic group; however, the diVerences did not reach statistical significance. Conclusions-The eYcacy of small incision cataract surgery using the ACM in terms of visual outcome and induced astigmatism is comparable with the results obtained using other techniques that utilise a similar size of incision. However, in view of the magnitude and range of the endothelial cell losses associated with this technique the concurrent use of viscoelastic is suggested. There does not appear to be a statistically or clinically significant diVerence between non-diabetic and diabetic patients in terms of the magnitude of the endothelial cell losses or in the wound healing response in the 12 months after cataract surgery using the ACM. (Br J Ophthalmol 1999;83:71-75) 
The main outcome variables included visual acuity, surgically induced astigmatic change (SIAC), changes in endothelial cell density (ECD), and morphology aVecting the central and superior regions of the cornea. Results-Postoperatively, 56% and 70% of patients had unaided visual acuities of 6/12 or better at 3 weeks and 3 months respectively. Even after excluding those patients with pre-existing maculopathy (including diabetic maculopathy), there remains a significant diVerence between the nondiabetic and diabetic groups in terms of the proportion of patients attaining an unaided visual acuity of 6/12 or better at both 3 weeks (p=0.003) and 3 months (p=0.001). Three months postoperatively, the SIAC based upon the keratometric and refractive data was 1.1 dioptres (D) and 1.3 D respectively. There was no statistically significant diVerence in the SIAC when the non-diabetic and diabetic groups were compared. The mean central and superior endothelial cell losses at 3 months postoperatively were 16% and 22% respectively and at 12 months postoperatively were 20% and 25% respectively. The diabetic group demonstrated greater endothelial cell losses and a more marked and protracted deviation of endothelial cell morphology from normality when compared with the non-diabetic group; however, the diVerences did not reach statistical significance. Conclusions-The eYcacy of small incision cataract surgery using the ACM in terms of visual outcome and induced astigmatism is comparable with the results obtained using other techniques that utilise a similar size of incision. However, in view of the magnitude and range of the endothelial cell losses associated with this technique the concurrent use of viscoelastic is suggested. There does not appear to be a statistically or clinically significant diVerence between non-diabetic and diabetic patients in terms of the magnitude of the endothelial cell losses or in the wound healing response in the 12 months after cataract surgery using the ACM. The success of cataract surgery is now often measured by both doctors and patients in terms of the postoperative unaided visual acuity. Visual outcome continues to improve as small incision surgery evolves, with phacoemulsification emerging as the most popular technique. 1 Blumenthal et al [2] [3] [4] have described the use of the anterior chamber maintainer (ACM) allowing small incision cataract surgery to be performed without the use of viscoelastic agents or phacoemulsification. As far as we can ascertain, however, there have been no published reports assessing the eVects of this particular technique of cataract surgery on the corneal endothelium.
The purpose of this study was to assess the eYcacy and safety of the authors modifications 5 of Blumenthal's "Mini-Nuc" technique and to compare its eVects on both non-diabetic and diabetic patients.
Patients and methods
After informed written consent was obtained, 46 eyes from 46 subjects were entered into a single centre, single surgeon (HBC), single observer (MW), prospective single armed clinical trial of patients undergoing extracapsular cataract extraction (ECCE) and intraocular lens (IOL) implantation using the ACM. Viscoelastic substances were not used. Follow up was complete in 42 of 46 eyes (one patient died before his first postoperative visit, a further two died and one other patient was lost to follow up between the 3 and 12 month visits).
Exclusion criteria included previous intraocular surgery, significant corneal opacification, uveitis, glaucoma, or ocular hypertension. Of the study group as a whole, 17/46 (37%) were diabetic, 13/17 had non-proliferative diabetic retinopathy, and 4/17 had proliferative diabetic retinopathy.
The surgical technique has previously been described in detail. 5 Essentially, paracentesis stab incisions were positioned at 2, 4, and 10 o'clock. Balanced salt solution containing adrenaline (1 mg/l) was continuously infused through a self retaining 20 gauge ACM (Visitec No 5061) which had been inserted via the 4 o'clock paracentesis. A scleral three step tunnelled incision centred at the 12 o'clock position and of approximately 6 mm external diameter was fashioned using an angled crescent blade with the final entry into the anterior chamber made with a 3.2 mm keratome. A continuous curvilinear capsulorrhexis (with or without relaxing incisions) or beer can anterior capsulotomy was performed using a 23 gauge side cutting cystitome. The nucleus was first hydrodissected, then hydrodelineated and dislocated into the anterior chamber. The internal aspect of the wound was enlarged with the crescent blade and the nucleus was removed with a 25 gauge irrigating vectis. The residual soft lens matter was aspirated using a 23 gauge cortex extractor (Visitec No 5193) via either or both of the two paracentesis incisions. The wound was enlarged to allow easy insertion of a 6 mm three piece IOL with a polymethylmethacrylate optic and prolene haptics (J2B-62, Domilens SA, France) which was placed either in the capsular bag, or in the presence of a posterior capsular tear, in the sulcus. The wound was sutured using 10/0 mersilene in a single "x" configuration, the conjunctiva was repositioned using diathermy and a subconjunctival injection of either cefuroxime or gentamicin was given. No patient received prophylactic IOP lowering measures and all were treated with topical betamethasone four times daily for a period of up to 8 weeks postoperatively.
Patients were assessed preoperatively and at 3 weeks, 3 months, and 12 months postoperatively. Preoperative and postoperative data collection included corneal endothelial cell density and morphology data from the central and superior (decentred by 3 mm) regions of both the operated and unoperated (control) eyes, unaided and best corrected visual acuities (BCVA), refraction and keratometry, IOL centration, and posterior capsular opacification. All intraoperative and postoperative complications were noted. The endothelium was imaged using the Konan non-contact specular microscope model SP-8000 (Konan Medical, Nishinomiya, Japan) endothelial cell densities were determined using the cell centre method, the coeYcient of variation (COV) in cell size and the percentage of hexagonal cells were automatically calculated. A mean number of 102 cells per image were analysed, satisfactory images were obtained in 96% of eyes imaged.
The SIAC was calculated using both the refractive and keratometric data from the 3 month visit using the method described by Holladay et al. 6 Absolute endothelial cell counts (including apparent increases in endothelial cell density (ECD)) were used to calculate the percentage change in the ECD. From a statistical standpoint, overestimations and underestimations of ECD can be negated by using the actual values of the endothelial cell counts. 7 The diVerences between the diabetic and non-diabetic groups in terms of the visual outcome were analysed using the 2 test. The intersession variability in the measurements of the ECD from the contralateral (control) eye were analysed using the ANOVA test. All other statistical analysis was performed using the Student's t test, p values of <0.05 were considered to be statistically significant.
Results
The mean patient age was 72 years, 28/46 (61%) were female and 33/46 (72%) of the patients had a BCVA of less than or equal to 6/24 preoperatively. VISUAL OUTCOME At 3 weeks postoperatively, 24/43 (56%) had unaided visual acuities of 6/12 or better (one patient died before his 3 week visit and a further two patients were intentionally left with between 3 and 4 dioptres of ammetropia postoperatively and were therefore excluded). At 3 months postoperatively, 30/43 (70%) had unaided visual acuities of 6/12 or better (two patients required laser capsulotomy at 3/12 and were included). No patient required suture removal.
None of the patients (3/45) who had BCVAs of less than 6/12 suVered intraoperative or postoperative complications and all had incidental reasons for their poorer visual outcome; age related macular degeneration, macula involving retinoschisis and a combination of diabetic maculopathy and a supratemporal branch retinal vein occlusion, both of which were noted preoperatively.
There was no significant diVerence between the non-diabetic and diabetic groups in the proportion of patients attaining a BCVA of 6/12 or better (p=0.244). If, in addition to the two patients with deliberate postoperative ammetropia we also exclude the patients with pre-existing maculopathy (including diabetic maculopathy), there remains a significant diVerence between the two groups in terms of the proportion of patients attaining an unaided visual acuity of 6/12 or better at both 3 weeks (p=0.003) and 3 months (p=0.001).
SURGICALLY INDUCED ASTIGMATIC CHANGE (SIAC) Three months postoperatively, the mean SIAC based upon the keratometric data (n=44) was 1.1 D (SD 0.6, range 0.1-2.7). When the refractive data (n=35) were analysed, the corresponding figures are 1.3 D (0.8, 0.1-3.0). There was no statistically significant diVerence in the SIAC when the keratometric or refractive data were compared (p=0.288). There was no statistically significant diVerence between the non-diabetic and diabetic groups in the SIAC for both the keratometric (p=0.127) and refractive data (p= 0.400). Table 5 . The change in the percentage of hexagonal cells from the central (c) and superior regions of the cornea is shown in Table 6 .
INTRAOCULAR LENS POSITION
Patients were dilated at the 3 month visit when the position of the IOL was confirmed: 31/45 (69%) of the IOLs were confirmed to be in the capsular bag, 13/45 (29%) were sulcus fixated, 1/45 (2%) was half in half out. 
Discussion

VISUAL OUTCOME AND REFRACTIVE CHANGE
The proportion of the patients in this study with uncorrected visual acuities of 6/12 or better at 3 weeks and 3 months after surgery were 56% and 70% respectively. Steinart et al 9 reported that following phacoemulsification using incisions of 4 and 6.5 mm, 62% and 57% of patients at 5 weeks and 70% and 67% of There were no statistically significant diVerences between the non-diabetic and diabetic groups when the changes in the COV in cell size were analysed. Age matched normal value of COV in cell size <0.33. (8) 66 (9) 60 (9) 3 months postoperatively 56 (9) (c) 55 (9) (c) 56 (9) (c) 55 (9) 54 (9) 57 (9) 12 months postoperatively 59 (9) (c) 61 (8) (c) 57 (10) (c) 60 (9) 61 (10) 56 (10) There were no statistically significant diVerences between the non-diabetic and diabetic groups when the changes in the percentage of hexagonal cells were analysed. Age matched normal value of COV in cell size >60%. When the visual outcome of the diabetic and non-diabetic groups are compared, the similarity between the two groups in terms of the BCVA is explained by the low prevalence of diabetic maculopathy in our study group; however, we cannot oVer a satisfactory explanation for the disparity observed in the unaided visual acuity.
CHANGES IN ENDOTHELIAL CELL DENSITY AND
MORPHOLOGY
The mean intersession variability in the measurements of the ECDs of the unoperated (control) eye was <1% indicating a high degree of repeatability which is in keeping with the results of other studies. 10 There was no significant regional variation (central v superior) in the mean ECD preoperatively (p=0.799). Postoperatively, all eyes demonstrated vertical endothelial cell disparity at both the 3 and 12 month visits with greater endothelial losses found superiorly towards the site of the incision. The mean central and superior endothelial cell losses at 3 months postoperatively were 16% and 22% respectively and at 12 months postoperatively were 20% and 25% respectively. Depending upon the technique of phacoemulsification employed and the type of viscoelastic used the reported mean central endothelial cell losses range from 4% 11 to 14% 12 at 3 months postoperatively. Similarly, the mean superior endothelial cell losses range from 8% to 16% between 12 and 24 months postoperatively. 13 Modern extracapsular surgery using viscoelastics results in central endothelial cell losses of approximately 15% at 3 months postoperatively. 14 15 The range in the magnitude of the endothelial cell losses was considerable, with five patients (11%), despite having undergone uncomplicated surgery demonstrating endothelial cell losses which were greater than twice the mean. These patients did not diVer from the study group as a whole in terms of the prevalence of diabetes.
The mean central endothelial cell losses (combined 3 and 12 month data) of the group of four patients who had posterior capsular tears and/or vitreous loss was 14% which compares favourably with the equivalent figure of 18% for the group undergoing uncomplicated surgery. The mean superior endothelial cell losses for the same two groups were 22% and 23% respectively. The mean central endothelial cell losses (combined 3 and 12 month data) of the group of five patients who were noted postoperatively to have superior iris atrophy was 34% compared with cell losses of 16% in those patients in whom the iris had a normal appearance (p=0.004). The mean superior endothelial losses for these two groups was 49% and 21% respectively (p=0.001). The association of superior iris atrophy and excessive endothelial cell losses is likely to reflect an increased degree of diYculty in removal of the nucleus which in turn is related to its density and/or size.
We included diabetics in our study population to permit a comparative analysis of the eVects of this technique of cataract surgery on the endothelium of diabetics and nondiabetics. Patients with diabetes have often been excluded from clinical trials that have attempted to assess the deleterious eVects of cataract surgery on the corneal endothelium because of the assumption that the diabetic endothelium has an increased susceptibility to damage during surgery. 11 16 The central and superior mean ECD losses at both 3 and 12 months postoperatively were consistently higher in the diabetic patients; however, the diVerences did not reach statistical significance. These results are in agreement with the findings of other investigators. 15 17 Endothelial cell morphology data provide a more sensitive indication of endothelial cell damage than do cell density measurements alone. 18 The COV in cell size and the percentage of hexagonal cells are quantifiable indicators of variation in cell size (polymegathism) and cell shape (pleomorphism). Increases in the COV in cell size and/or decreases in the percentage of hexagons indicate some form of endothelial injury. Analysis of the endothelial cell morphology data demonstrated a similar pattern to the ECD data, with the diabetic group having a larger COV in cell size and a smaller percentage of hexagons without the diVerences between the groups reaching statistical significance.
Schultz et al 19 reported that the naturally occurring rate of endothelial cell loss and prevalence of morphological abnormalities in patients with type I diabetes is greater than age matched patients with type II diabetes. The numbers of patients in each of the diabetic subgroups in our study precluded the investigation of the relation between the severity and/or duration of the patients' diabetes and the magnitude of the endothelial cell losses associated with cataract surgery.
What is the clinical significance of endothelial cell losses associated with the use of the ACM which are higher than those reported using other techniques? The average annual endothelial cell loss rate in healthy unoperated eyes is around 0.5%. 8 The chronic exponential endothelial cell loss rate 5-10 years after cataract surgery ranges from 1.1% 20 to 2.5% 21 per annum. While accepting that the endothelial mosaic of the diabetic group has not yet stabilised, it seems reasonable to assume that after the first postoperative year our patients would continue to lose endothelial cells at no more than 2.5% per annum. As our mean 12 month postoperative ECD was 1965 cells/mm 2 , we can therefore calculate that it would take approximately 50 years before the mean cell density decreased to 500 cells/mm 2 , the level at which corneal decompensation was found to be imminent by Bates et al. 22 
